Abstract-This paper reviews the developments in existing gas sensing technologies through descriptions, evaluation and comparison. Here, detailed introduction to sensing methods and classification of sensing technologies is specified, based on the deviation of electrical and other properties are discussed. Sensing technology has been extensively investigated and utilized for gas detection. Researchers have been working on different scenarios with enhanced gas sensor calibration, due to the different applicability and inherent limitations of different gas sensing technologies. Gas sensor technology is advancing with the fast improvement of material science and semiconductor technology. This trend may be continuing in the coming days. In the semiconductor gas sensor regime "More than Moore" principle will be applicable as well. In this article, different gas sensors are evaluated and reviewed, in terms of their ability to operate at low-power, small-size, and relatively lowcost, by means of ambient conditions.
Industries like, medical, commercial applications, house hold applications are using Gas sensors extensively. For example, oxygen sensors are used in the monitoring of combustion engine environment to boost engine performance and cut the discharge of greenhouse gases. Ammonia sensors are significant for monitoring ambient ammonia concentration since it is linked to numerous environmental issues like acidification, human health, and climate change through particle formation. CO sensors are also widely used in food and medicine packages as a means of identifying spoilage in addition to controlling industrial processes and monitoring air quality [2] . Now days, gas sensing, as a classic application in intelligent systems, is getting growing consideration in both industry and academia. Gas sensing technology has become more considerable since of its extensive and universal applications in the areas like:
(a) In-house air quality supervision (e.g., finding of carbon monoxide); (b) Ecological studies (e.g., greenhouse gas monitoring). (c) Industrial production (e.g., methane gas detection in mines); (d) Automotive engineering (e.g., exposure of polluting gases from vehicles); (e) Health applications (e.g., electronic noses simulating the human olfactory system);
Throughout the last fifty years, different studies have recognized various branches of gas sensing technology. Among them, the three most important areas that receive the most consideration are examination of different kinds of sensors; investigate about sensing principles, and fabrication techniques. In this paper existing research grade and recent advancement in the gas sensing field are reported, to discuss potential future benefits [3] .
Metal oxide semiconductor gas sensors are utilized in a variety of diverse roles and industries. They are comparatively inexpensive compared to other sensing technologies, robust, lightweight, long lasting and benefit from high material sensitivity and quick response times. They have been used broadly to compute and monitor trace amounts of environmentally significant gases such as carbon monoxide and nitrogen dioxide. It is extremely advantageous that metal oxide semiconductor sensors have a great surface area, so as to adsorb as much of the target analyze as possible on the surface, giving a stronger and more computable response (especially at low concentrations) [4] . Air quality monitoring is suitably a popular application as pollution is an growing trouble in metropolitan areas, directly connected to the improved density of combustion-powered vehicles. Many studies have also confirmed the direct link among urban air pollution and human healthiness.
There are different gas sensor technologies that can be used in such devices. Metal-Oxide Semiconductor (MOX) gas sensors are low cost, small in size and lightweight, which is advantageous for their use in pervasive mobile sensing systems for ecological monitoring . Their biggest demerit is problems related to drift and especially their significant energy utilization. This energy is needed to activate the interaction with a certain gas for concentration measurements, and the sensing layer of a MOX gas sensor needs to be heated up for long periods (few minutes). Manufacturer directions usually propose constant heating with up to 100 mW power, which is too high for small-size batteries [5] .
Among low cost commercially available gas sensors, Metal oxide (MOX) sensors, such as tin oxide sensors are the most accepted and studied. It was first demonstrated in the early 1960s, MOX sensors make the most of changes of the conductivity of the metal oxide as a consequence of the absorption or adsorption of a gas on its surface. Merits of using a MOX sensors include high material sensitivity, robustness, lifetime, relatively quick response times, but also well-controlled dedicated fabrication procedure. CMOS process would allow the integration of electronics and sensor array on a single silicon chip as per the adopting the well-established semiconductor industry standard and enable batch fabrication of a entire electronic nose system at small cost. This integration would involve: (a) a well-matched gas sensor technology that fulfills the boundaries, positioned by CMOS, in regard to the materials, temperatures and processes that can be used for sensor fabrication and (b) addition of the read-out, signal condition and gas detection circuit, whose function is to process acquired sensor data and identify chemical gas species [6] .
Due to their unique electrical, chemical, and structural properties of Carbon Nanotubes (CNTs) have been researched extensively for gas-sensing applications. Single-walled carbon nanotubes (SWNTs) have been principally used due to their better electrical conductivity and advanced sensitivity comparative to multiwalled CNTs. Carbon nanotubes (CNTs) are long thin cylinders of carbon (usual diameter ranging from 1 to 100 nm) that are unique for their size, shape, and physical properties. CNT comprising a hollow inner core and thin outside cylindrical walls, CNTs exhibit moderately high surface adsorption and produce appreciable changes in electrical conductivity at room temperature in the presence of various gases due to their large tubular surface area [7] . For fabrication of chemical sensors conducting polymers such as polyamine (PANI), polypyrrole and polythiophene have been widely studied and used. Among them PANI is commonly used for making sensors for humidity, NO2, NH3 and toxic solvents detection, which is due to its easy synthesis, high sensitivities, fast reaction and capable to operate at room temperature [8] II.
GAS SENSING PARAMETERS AND INDICATORS To estimate the performance of gas sensing methods or gas sensors, a number of indicators need to be be considered: (a) Response time: the period from the time when gas concentration reaches a specific value to that when sensor generates a warning signal; (b) Energy utilization; (c) Sensitivity: the minimum value of target gases' volume concentration when they could be detected; (d) Selectivity: the capability of gas sensors to distinguish a specific gas among a gas combination; (e) Reversibility: does the sensing materials could return to its unique state after discovery; (f) Adsorptive capacity (also affects sensitivity and selectivity); (g) Fabrication expenditure.
Gas sensors intended for the marketplace must assure the stability of their function, in other words, they should demonstrate a steady and reproducible signal for a period of time. There are a number of factors leading to gas sensor's instability: In order to answer these problems, the subsequent methods could be measured: (a) optimizing elemental composition and grain size of sensing materials; (b) Utilizing specific technology during surface pretreatment of sensors.
(c) using materials with chemical and thermal stability;
Among those indicators mentioned above, sensitivity and selectivity are the two main indicators.
III. GAS SENSOR: BRIEF REVIEW
During the last fifty years, diverse studies have recognized various branches of gas sensing technology. Among them, the three most important areas that receive the most consideration the examination of various kinds of sensors, research about sensing principles, and fabrication techniques. In this paper, a categorization of sensing technologies is specified, followed by descriptions of the main technologies to provide a wide-ranging analysis. Two key performance indicators are used, to introduce and compare diverse sensing technologies. Present research status and present developments in the gas sensing field are reported, to confer potential future benefit and topics. In 1991 the carbon nanotubes discovered by Japanese physicist Sumio Iijima. Researchers shortly developed single wall carbon nanotube (SWNTs) -based gas sensors which make the great impact on sensor industries. The CNTs have a large surface area to volume ratio creating it a very sensitive device [1] .
Carbon Nano Tube
As a sensing material, carbon nanotubes, have been found to gain electrical properties and are highly responsive to extremely tiny quantities of gases, like alcohol, ammonia (NH3), carbon dioxide (CO2) and nitrogen oxide (NOx) at room temperature. Carbon nanotubes also outperform conventional sensing materials in term of great adsorptive capacity, large surface-area-to-volume ratio and quick response time, ensuing in significant changes in electrical properties, such as capacitance and resistance [3] Keat Ghee Ong, Kefeng Zeng et.al in 2002 reported A Wireless, Passive Carbon NanotubeBased Gas Sensor. The author proposed the application of multiwall carbon nanotubes (MWNTs) for remote query detection of carbon dioxide, oxygen, and ammonia-based on the measured changes in MWNT permittivity and conductivity with gas disclosure. The proposal used in this effort is a planar, inductor-capacitor resonant-circuit (LC) sensor. A thin layer of gas-sensitive MWNT-SiO composite is placed upon the interdigital capacitor of the LC sensor; as the permittivity and/or conductivity of the adjacent MWNT-SiO composite changes so does the sensor resonant frequency that remotely monitored through a loop antenna. The passive nature of the LC sensor enables long-term monitoring exclusive of battery lifetime issues, and the wireless nature of the platform enables long-term gas monitoring from within sealed, opaque containers [2].
In 2015 Narendra Kumar, Ashish Singh Baghel et.al fabricate carbon nanotube (CNT) based two terminal device for gas sensing applications. The material for the fabrication of gas sensor is single and multi-walled CNTs powder with the typical length of 3-10 mm. Due to the self-association belongings of CNTs in suspension, authors disaggregate and uniformly disperse CNTs to make the device. Author finds that Nickel contact devices showed highest conductance and Aluminum contact devices showed the least conductance, copper devices were intermediate of the two. The contact resistance of the device mainly depends on the schottky barrier height. The work function of different metal and the schottky barrier establishes that the CNT must be p-type with work function value around 6 eV [1].
Hoseon Lee, George Shaker et.al in 2011 proposed Carbon-Nanotube Loaded Antenna-Based Ammonia Gas Sensor, Author presents the design and characterization of a novel planar sensor fabricated on the paper substrate to detect small concentrations of ammonia gas, using the shift in resonance frequency of a patch antenna as the discriminator. Author has investigated three major design issues in depth. First, a fictionalization of the SWNTs with a polymer is studied in order to enhance the gas detection sensitivity. Second, a thin film of the functionalized SWNT is characterized to create a surface impedance model for the enlightenment and forecast of the resonance shift due to diverse gas concentrations. To conclude, as a proof of perception, functionalized SWNTs are integrated into a patch antenna design and the return loss is measured in a closed-system environment to show high sensitivity for low concentrations of ammonia gas. The projected antenna-based wireless gas sensor can be utilized in several applications, given its small form factor, lightweight, and little to no power requirements [7] . Avisek Roy, Ferenc Ender et.al in 2017 discussed, Design consideration of CMOS Micro-heaters to directly synthesize CNT for Gas Sensing Application. The author reported, CMOS micro-heaters are considered using the conductive layers, which are polysilicon and an appropriate metal interconnect. In order to lessen global temperature, huge thermal gradients around micro-heaters are necessary, which can be achieved using suspended micro-heaters. The author also examines the design considerations and optimization of CMOS micro-heaters, using theoretical investigation and finite element simulation with ANSYS Multiphysics software. The report provides guidance to implement micro-heaters for synthesis and direct combination of CNTs in CMOS. Significant design trade-offs are offered and most advantageous conditions are discussed [9] .
Polymer
There are few kinds of volatile organic compounds (VOCs) like alcohol (C2H5OH) and formaldehyde. However, some other VOCs which could cause adverse health effects when their concentration over a certain threshold cannot be detected by metal oxide semiconductor-based sensors. Volatile organic compounds could easily be breathed by humans being as they are normally used as ingredients in household goods or in engineering processes where they, in general, get vaporized at room temperature. Therefore, it is significant to make sure the concentration of these vapors to safeguard the healthiness of residents and workers, and also to maintain atmospheric emissions under control in order to stay away from environmental hazards. Such exact requirements need sensing materials like polymers.
Zuquan Wu, Xiangdong Chen et.al in 2013 reported Methane Sensor Based on Graphene Nanosheets/Polyaniline Nanocomposite Thin Film, In this report author discussed, the mechanism of the enlarged recognition range, the infrared, morphological and electrical characterizations of the graphene/PANI thin films. Here, author report that graphene nanosheets (graphene)/polyaniline (PANI) nanocomposite with a different mass ratio of graphene to PANI is synthesized and applied to fabricate methane (CH4) sensor. The experimental results show that the sensitivity of the graphene/PANI sensor with the composite thin film, which can be obtained by a chemical or physical method, is higher than that of PANI. Meanwhile, the sensitivity of the sensors on the foundation of graphene/PANI composite by an in situ chemical method is higher than the sensitivity of those produced by a physical mixing method. [8] .
Metal Oxide Gas Sensor
Due to the straightforward fabrication, facile operation and relatively high sensitivity, metal oxide semiconductor (MOX) gas sensors have been extensively adopted as inflammable and explosive gas alarms, which are working for gases at relatively high concentration of percent per million (ppm) to percentage levels. In recent years, people are aiming at detecting the low concentration gases at subppm levels for health, environment and so on. The general technique is to advance the gas reaction of MOX sensing materials such as SnO2, In2 O3, ZnO, etc., by ways such as doping with other elements, surface functionalization, heterojunction,c ore/shell structure, Micro-Electro-Mechanical System fabrication, and so on.
In 2017 Xinyuan Zhou, Ying Wang et.al discussed Amplifying the Signal of Metal Oxide Gas Sensors for Low Concentration Gas Detection. In this article, a extensively relevant amplification circuit is designed and fabricated to enhance the signal of the MOX sensors by adding a field effect transistor (FET) into the conservative circuits. Through optimizing the FET parameters and the loading resistance, this amplification circuit enables the commercial Figaro TGS2602 toluene sensors response effectively to the highest permissive limit (0.26 ppm) of toluene in indoor air of cars, with the detection limit of 0.1 ppm. In addition, this circuit can also make the commercial Hanwei MP502 acetone sensors and MQ3 ethanol sensors response to the 1-2-ppm acetone in breath of diabetes and 2-ppm ethanol for fast and effectively drinker driver screening. The mechanism is investigated to be the gate voltage induced resistance change of the FET, with the highest theoretically estimated and experimentally measured magnification factor of 5-6. This FET amplifier can effectively enable the ppm level commercial MOX sensors response to subppm level gases, promising for MOX gas sensor integration and also for other kind of resistive sensors. This signal amplification circuit shows the advantage in low concentration gas detection in environment and health, which can be readily integrated using the commercial electronics. And this circuit design is also promising in other kind of sensors to extend the detection limit to low concentrations [10] .
George F. Fine, Leon M. Cavanagh et.al in 2010 reported Metal Oxide Semi-Conductor Gas Sensors in Environmental Monitoring, In this review, the author discussed the nature of the gas response and how it is fundamentally linked to surface structure is explored. An overview of important contributions and recent advances are discussed for the use of metal oxide semiconductor sensors for the detection of a variety of gases like CO, NOx, NH3 and the particularly challenging case of CO2 [11] .
In 2018 Ayoub Lahlalia, Lado Filipovic et.al discussed the design of two novel designs for semiconducting metal oxide (SMO) gas sensors with special shapes and sizes, in order to evaluate the most efficient layout geometry in terms of power utilization, membrane stability, and temperature sharing. The aim of this study is to provide two designs, one to be used for a thin sensing film and the other to be applied with a nanowires sensing layer. Both designs implement innovative aspects, allowing for an improvement in state-of-the-art sensors' selectivity and power consumption, which make the product suitable for use on a wide variety of applications. The first sensor design gathers multiple sensitive layers on the same membrane structure, allowing to improve the sensing capability as well as to reduce the fabrication time and cost. The second sensor design ensures a highly uniform temperature distribution over a nanowires sensing layer while preventing thermal leaks from the heated circular membrane to the substrate. This keeps the power consumption at a minimum, which is roughly 8mW when the microheater is heated at 300 0 C. Author's results also show a very low deformation of the membrane during operation, which reduces the likelihood of crack formation on the membrane stack as well as on the sensing material, thus improving the lifetime of the device. The sensors' features presented and discussed in this manuscript enable new applications for SMO gas sensors, such as for electronic nose systems and wearable devices used for air and food quality monitoring. Both sensors can be fabricated using conventional MEMS technology, making them more efficient and cost-effective in a long-term perspective [12] .
MEMS based sensing
D. Sparks, R. Smith et.al in 2011discussed a new MEMS-based density and binary gas concentration sensor. Here the micromachined sensor is made using a resonating silicon tube. Gas density and concentration test data over pressure for air, hydrogen, nitrogen, argon, methane, carbon dioxide, sulfur hexafluoride and gas mixtures are presented. Gas concentration and density measurements of small pressure, light gases like methane and hydrogen create novel sensing applications like fuel cells, energy supervision, chemical and semiconductor processing. This paper examines the use of a resonating micromachined silicon tube for density and binary gas concentration measurements. Special attention is given to light, low pressure gases like hydrogen and nitrogen which have not been measured with conventional metal Coriolis mass flow and density meters due to the high material density and thickness of the metal tubes [13] .
Cecilia Occhiuzzi, Amin Rida et.al in 2011 proposed RFID Passive Gas Sensor Integrating Carbon Nanotubes, Carbon nanotube (CNT) composites are sensitive to the presence of gases due to their high surface-to-volume ratio and hollow structure that are well suited for gas molecule absorption and storage. This sensing ability is here included with UHF RF identification (RFID) technology to accomplish passive and low price sensors, distantly understandable. CNT film is used as a restricted variable resistive load integrated into a tag antenna, which becomes capable to transduce the presence of hazardous gas in the surroundings, ammonia in this case, into a change of its electromagnetic features. The dynamic range and the hysteresis of the radio sensor are investigated by simulations, equivalent circuits, and expressed experimentations within a true RFID link, providing the proof of concept and some strategy for tag design [14] .
Portable Gas Sensor
In 2016 Michele Magnoy, Vana Jelicic et.al proposed Low-Power Gas Sensing using Single Walled Carbon Nano tubes in Wearable Devices, In this paper, Author proposed a multiple-SWCNTs gas presensing concept for wearable devices to constantly supervise the air superiority and detect rapidly hazardous situations in mobile applications. Author presented a sensor wake-up driven approach for energy-efficient gas monitoring which can be used in a extensive range of applications. This approach benefits from the low-power consumption in continuous mode enabled by the SWCNTs and acceptable response time due to multiple-SWCNTs and measurements enabled by the MOX gas sensor. The original approach projected with four SWCNTs sensors overcomes the limit of the long recovery time of a single SWCNT without rising the power utilization. Author demonstrated, by simulation, that with four SWCNTs it is possible both considerably to boost the life span, allowing longer period where the MOX is off, and to reduce the reactivity time. Author also propose that the nanotube recovery time issue can be overcome by using four single nanotubes on the same chip, which results in an extension of life span [5] .
IV.
CONCLUSION The improvement of semiconducting metal oxides as gas sensors has accelerated through last 20 years. These sensors are being used progressively more in the monitoring of environmentally significant gases. For the large variety of gases, Metal oxide semiconductor sensors are sensitive, with responses changeable with objective gas concentration and device working temperature. The conclusion of the review is that gas sensing technologies should focus additionally on solving urgent problems like high energy utilization and fabrication complication.
Adaptation of the surface by selective and catalytic materials is an significant progress and shows a further approach in which the materials' science can be used to promote progress the specificity and response to a target gas, innovative materials and techniques prolong to be developed to push the abilities and properties of gas sensors. Advances have been made in the understanding of materials chemistry and materials processing such as doping, deposition temperatures etc. These have been given away to have an insightful effect on the material structure and subsequently the gas sensing properties of the sensors.
Polymer-based gas sensors have rewards such as high sensitivities and small response times. operation temperatures of metal oxide semiconductor-based sensors are usually more demanding, polymer-based sensors work at room temperature. Therefore, the low energy utilization enables their applications in battery-driven detection units. Additional merits include the added benefit of low cost of fabrication, simple and handy structures, and the possibility of being reproducibly manufactured. Polymer-based gas sensors also have some disadvantages such as long-time instability, irreversibility, and reduced selectivity. Polymer compared with metal oxide semiconductors that have need of microfabrication techniques, power supply, and ad-hoc electronics when utilized as sensing material, CNTs possess good corrosion resistance and enhanced bandwidth
